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Many disordered superconducting films exhibit smeared tunneling spectra with evident in-gap states. 
We demonstrated that the tunneling density of states in ultrathin MoC films is gapless and can be 
described by the Dynes version of the BCS density of states with a strong broadening parameter 
 accounting for the suppression of coherence peaks and increased in-gap states. The thinner the film, the 
lower the Tc and the superconducting energy gap  and the larger the  MoC films of 3 nm thickness 
deposited simultaneously on silicon and sapphire substrates reveal very similar scalar disorder, evidenced 
by the equal sheet resistance, but exhibit different superconducting characteristics of Tc,  and 
 suggesting that pair breaking responsible for the dissipation channel and the suppression of 
superconductivity originates on the film-substrate interface. It indicates that sapphire is a stronger pair 
breaker. Interface pair breaking can be operative in other cases as well. 
 
I. INTRODUCTION 
By combining the state-of-the-art techniques of thin 
film deposition and scanning tunneling microscopy (STM) 
one can study the evolution of the physical properties of 
ultra-thin films as their thickness reaches the nanoscale 
region, where the thin film-substrate interface can play a 
significant role. Moreover, the superconducting state is 
highly volatile in the presence of any pair breaking effects. 
Therefore, if the interface with the substrate acts as a local 
source of magnetism, a superconducting ultra-thin film 
becomes a sensitive probe suitable for studying the 
substrate influence. 
The local STM measurements of the superconducting 
density of states allow direct study of the homogeneity of 
the superconducting phase and thus the presence of various 
pair breaking effects can be detected [1-5]. The density of 
states of standard BCS s-wave superconductors is 
characterized by a gap and coherence peaks at the gap 
edges. Anderson proved [6] that even in dirty 
superconductors with the electron mean free path lower 
than the coherence length, the pairing of time-reversed 
degenerate states led to unchanged superconducting 
energy gap. On the other hand, Abrikosov and Gor’kov 
(AG) have shown [1] that magnetic impurities breaking the 
time reversal symmetry leads to a depression of Tc and 
strong modification of BCS density of states (DOS). Maki 
[2] and de Gennes [3] noticed that the AG results are 
applicable on many different pair-breaking perturbations 
such as magnetic fields, current, spin exchange, spatial 
gradients of the order parameter and so on. Skalski et al. 
[4] have calculated the DOS and showed that in the 
presence of pair breaking characterized by parameter 
 ( = ħ/2  is quasiparticle lifetime) the minimum 
excitation energy EG is not equal to the gap-parameter  
(which is a measure of the pairing strength).  The increase 
of  broadens the coherence peaks and EG shrinks to lower 
values until it vanishes at  ≈ 1 when the DOS becomes 
gapless. 
In our previous scanning tunneling microscopy and 
spectroscopy (STM/STS) experiments on homogeneously 
disordered MoC ultrathin films we observed much 
stronger broadening of DOS which in fact leads to a 
gapless quasiparticle spectrum already for the samples 
characterized by Tc only slightly lower than in the bulk and 
ordered material. The disorder level of the samples was 
characterized by the kFl product, where l is the electron 
mean free path and kF is the Fermi momentum. The 
thinnest samples had kFl close to unity. The tunneling 
spectra could be described by the phenomenological 
Dynes formula [7] introducing a broadening parameter  
to BCS DOS, where the suppression of coherence peaks is 
accompanied by an increase of the quasiparticle states 
inside the ideal gap. Upon reducing the film thickness, as 
kFl decreases, the superconducting energy gap is reduced 
at the same rate as the transition temperature, also the 
coherence peaks are suppressed and the in-gap states 
increase [5]. Remarkably, the in-gap states in 
superconducting DOS spectrum have been detected by 
STM tunneling experiments also in disordered NbN thin 
films [8,9]. Neither of these experiments can be described 
by the Skalski version of the superconducting DOS [5]. 
The authors used the Dynes formula to fit the smeared 
spectral features of tunneling spectra. Also, microwave 
characteristics of disordered films show significant 
deviations from the standard BCS theory. The imaginary 
part of the complex conductivity in TiN films [10] could 
be explained in a narrow temperature window by 
a Skalski-like DOS but understanding of the real part, 
which is mostly influenced by disorder, is far from being 
complete. Anomalous dissipative conductivity has also 
been found via terahertz spectroscopy on thin films of 
molybdenum nitride [11]. Our previous investigations of 
the complex conductivity of highly disordered MoC 
superconducting films with kFl ≈ 1 show high resistive 
losses in the real part of conductivity [12] which are related 
to the finite quasiparticle DOS at the Fermi level found by 
direct STM tunneling measurements on the same film.   
The Dynes formula is derived from a purely 
phenomenological model, however, very recently, 
Herman & Hlubina [13] assigned intrinsic microscopic 
explanation to it as they derived the Dynes formula for a 
superconductor with a Lorentzian distribution of local 
pair-breaking fields and arbitrary potential disorder. They 
dubbed such systems “Dynes superconductors”. This 
approach might provide a clue to the detected finite DOS 
at the Fermi level found in many disordered systems for as 
long as the source of the pair-breaking fields is identified. 
In the case of ultrathin films, the interface between the film 
and the substrate breaking translational symmetry 
allowing for uncompensated electron orbitals can be such 
a source.   
In this paper we show that indeed, the interface 
strongly influences the superconductivity of the thin films. 
First, we show that  and Tc are larger on thicker films or 
local film areas and anticorrelate with the smearing 
parameter  i.e. the closer to the interface, the weaker the 
superconducting state. Second, we prepared 3 nm thin 
MoC films simultaneously on sapphire and silicon 
substrates. The films exhibit equal sheet resistance 
indicating a similar level of scalar disorder affecting the 
mean free path of the quasiparticles, however, their 
superconducting properties such as the critical temperature 
Tc, the energy gap  and the broadening parameter  
accounting for the in-gap states and the suppression of 
coherence peaks are different. We attribute this effect to a 
different pair breaking at the two interfaces.  
 
II. EXPERIMENT 
MoC films of 3 nm thickness were prepared by 
reactive magnetron sputtering in an argon-acetylene 
mixture [14]. Single atoms ejected from the surface of 
molybdenum target react with carbon atoms within the 
acetylene molecules and the product is subsequently 
deposited on the substrate. The superconducting properties 
of MoCx samples strongly depend on the carbon 
concentration [15]. Varying the acetylene pressure at the 
sputtering we tuned the carbon concentration and obtained 
samples with the highest possible Tc. The crystallographic 
structure of MoC thin films was characterized by XRD 
measurements on 30 nm MoC films. The relative positions 
of the diffraction peaks are associated with a cubic 
crystallographic structure of the -phase of MoC with the 
atomic lattice constant a0 = 0.42 nm. This phase has the 
highest bulk critical temperature from the MoC phase 
diagram [15]. For our experiment, two types of substrates 
were used: monocrystalline c-cut sapphire (Al2O3) and 
[100] silicon (Si). The Si substrate was not cleaned in-situ 
before the sputtering. Therefore, in the case of MoC/Si 
films the MoC phase was deposited to native amorphous 
SiOx surface [16]. Both MoC/Si and MoC/Al2O3 samples 
were prepared simultaneously in a single sputtering 
procedure, during which the substrates were kept at 200°C 
as suggested by Lee and Ketterson [17]. To ensure that 
during a single sputtering process all the samples develop 
identical MoC stoichiometry a test was performed where 
only Al2O3 substrates were placed on all sample holders in 
the sputtering set up. Subsequent analysis of these films 
revealed no differences in Rs and Tc, verifying identical 
stoichiometry.  The sputtering rate of ~ 9 nm/min was used 
and the final film thickness was verified by the X-ray 
reflectometry measurements. Following the sputtering 
process, the samples were coated with a protective 
photoresist layer to prevent excessive oxidation of the 
surface. The coating was dissolved prior to the STM 
experiments.  
Transport measurements of the sheet resistance were 
performed using the Van der Pauw four-probe technique 
[18]. The scanning tunneling microscopy and spectroscopy 
measurements were carried out via a sub-Kelvin STM 
system developed in the Centre of Low Temperature 
Physics, allowing experiments down to T = 400 mK 
temperatures and magnetic fields up to B = 8 T. The 
surface topographies were recorded using a gold tip in the 
STM constant current mode at the tunneling resistance 
range of 10 – 50 MΩ with bias voltages in the range of 10-
100 mV. 
 
III. RESULTS 
Figure 1 shows typical temperature dependencies of 
sheet resistance Rs(T) of MoC/Si and MoC/Al2O3 samples. 
The main panel of Fig. 1 presents the temperature 
dependence of Rs from T = 200 K down to the 
superconducting transition showing a weak increase with 
a negative curvature when approaching Tc for both films. 
This increase, typical for disordered thin films, can be 
described within the framework of quantum corrections 
[19,20] to the standard Drude conductivity of disordered 
metals (weak localization and electron-electron 
interactions). The inset of Fig. 1 shows a low temperature 
zoom of sheet resistance Rs close to the transition 
temperature. The sheet resistance curves reveal similar 
temperature dependency in both cases with maximum 
values at about Rs ≈ 1.1 kΩ, proving that the disorder 
affecting the electronic mean free path in these samples is 
very similar. On the other hand, the samples differ 
significantly in their transition temperatures, determined at 
50% of the resistive transition, which are 3.5 K and 2.5 K 
for MoC/Si and MoC/Al2O3 samples, respectively. The 
sharp single-phase superconducting transition with Tc/Tc 
≈ 0.25 width, where Tc is the difference in Tc determined 
at 90% and 10% of the normal state resistance RN  = 1120 
 suggest the presence of homogeneous disorder in the 
films. 
The surface of the studied MoC thin films was 
investigated by means of STM topography measurements. 
Figure 2 shows typical images of 200 x 200 nm2 surface 
measured on MoC/Al2O3 (a) and MoC/Si (b) films at T = 
450 mK.  MoC/Al2O3 films display areas where clean 
polycrystalline surfaces were observed consisting of 
single-crystalline grains of the lateral size 20-40 nm. The 
growth of MoC films is different on the Si substrate. 
Surface topography observed on MoC/Si films depicted in 
Fig. 2b) shows morphology with characteristic 3 – 6 nm 
wide “boomerang-like” structures. We observed 
atomically resolved surfaces on both samples. The upper 
insets in Fig. 2 a) and b) show atomic resolution 
topography of a typical nanocrystalline grain. In both sets 
of the studied samples we observed distorted hexagonal 
lattice structure. Fourier transform images of the atomic 
structures are shown in the bottom insets of Fig. 2a) and 
b). The Fourier patterns are located in 6 points of a 
hexagon at 1/0.6 nm-1 positions. The large (a = 0.6 nm) 
lattice parameter indicates that the atoms are located in the 
most dense 111 plane of a cubic B1 type lattice with the 
lattice parameter a = a0√2. B1 lattice is typical for the -
MoC phase [15] with a lattice constant a0 = 0.42 nm, 
identified by XRD measurements on thicker films. STM 
measurements on both sets of thin films revealed rms 
roughness of 0.6-0.7 nm.  
The local STS measurements were performed in 
CITS (Current Imaging Tunneling Spectroscopy) mode 
[21], where I-V curves are measured in a grid of 128x128 
points in a 100x100 nm2 surface area at T = 450 mK and 
numerically differentiated in order to obtain the tunneling 
conductance dI/dV spectra. The tunneling conductance 
measured through a tunnel junction between a normal 
metal and a superconductor (N-I-S) can be described as 
 
𝑑𝐼
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= 𝑁𝑁∫ 𝑁𝑆 [
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∞
−∞
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where E is the energy, the term in the square bracket 
represents thermal smearing and NN is the density of states 
(DOS) of normal metal. NS represents the superconducting 
DOS, which is defined in the BCS theory as  
 
𝑁𝑆(𝐸) = 𝑅𝑒 (
𝐸
√𝐸2 − ∆2
) 
where  is the superconducting energy gap. Since the DOS 
of a normal metal is constant at low energies, each 
tunneling conductance spectrum measured at low 
temperatures becomes directly proportional to the DOS of 
the superconductor. In our case the tunneling spectra are 
strongly broadened and high level of in-gap states is 
observed even at the lowest measured temperature of 450 
mK (Fig. 4) where the thermal smearing should amply 
allow for vanishing differential conductance. Such data 
can be described by the Dynes modification of the BCS 
DOS with a spectral smearing  incorporated into the 
complex energy as E = E'- i    
The values of the superconducting energy gap  and 
spectral smearing  of 128 x 128 spectra measured on a 
100 x 100 nm2 surface area are shown in Fig. 3. The gap 
values (Fig. 3a) are distributed around the modes 
<ΔSi>= 0.66 meV and <ΔAl2O3>= 0.5 meV with halfwidths 
wSi = 0.09 meV and wAl2O3 = 0.1 meV with standard 
deviation below 4%.  The distribution of the Dynes 
smearing parameter  for both samples determined in the 
same fitting procedure is shown in Fig. 3b). The smearing 
parameter for MoC/Si samples is distributed around the 
mode <Si>= 0.2 meV, with halfwidth uSi = 0.089 meV. 
The mode of the MoC/Al2O3 sample is  Al2O3> = 0.225 
meV and uAl2O3 = 0.11 meV. In concordance with our 
former findings [5], we attribute this distribution to the 
noise of the apparatus and sample morphology (see 
below). 
Typical tunneling conductance spectra measured at T 
= 450 mK in MoC/Al2O3 and MoC/Si films are shown in 
Fig. 4 with solid lines. The symbols plot the fitting curves 
with the fitting parameters for MoC/Si: ΓSi = 0.17 ± 
0.01 meV, ΔSi = 0.65 ± 0.02 meV - open black circles and 
MoC/Al2O3: ΓAl2O3 = 0.237 ± 0.03 meV, ΔAl2O3 = 0.51 ± 
0.03 meV - open gray triangles. These fitting parameters 
coincide well with the modal values determined above by 
the statistical analysis of the spectral maps, therefore the 
spectra can be considered characteristic for each thin film. 
The inset of Fig. 4 shows temperature dependencies of the 
energy gap of both samples (MoC/Si – circles, MoC/Al2O3 
– triangles) determined by fitting the temperature 
dependencies of the tunneling spectra on the main panel. 
The locally determined critical temperatures of our 
samples are: Tc = 4 K for MoC/Si and Tc = 3.2 K for 
MoC/Al2O3 which corresponds to the onset of 
superconductivity at 90% of RN shown in Fig. 1. Hence, 
from the results described above follows that despite 
nearly identical level of disorder manifested by the sheet 
resistance Rs, the two films deposited on different 
substrates exhibit substantially different superconducting 
properties. On the other hand, the coupling strength 
2/kBTc is equal to 3.8 not only for our 3 nm samples made 
on different substrates, but also for all MoC thin films of 
different thicknesses [5]. 
We further elaborate on the influence of the substrate 
by examining the local superconducting properties with 
respect to the sample morphology. These measurements 
have been performed in areas with well-defined protruding 
structures.  Figure 5 shows the spatial variation of the 
fitting parameters  and  across a 40 x 50 nm2 area of 
MoC/Si thin film surface. The distinctive boomerang 
structure protruding by ca. 1.3 nm appears red in 
topography (Fig. 5a). Fig. 5b) represents the gap-map, 
which plots the values of , obtained from fitting of the 
tunneling spectra measured at each point in the area. Fig 
5c shows the image of the corresponding  values, the 
gamma-map. By using the same relative color contrast, 
panel c) of Fig. 5 appears as a negative of panel b). 
Comparing the gap-map and gamma-map images with the 
surface topography we can see, that in the red area of the 
“boomerang” the value of the energy gap   is 20% higher 
( ≈  meV), than in the lower flat blue areas 
( ≈  meV). The  values show the opposite tendency. 
 is approx. 40% lower at the top of the boomerang ( ≈ 
0.15 meV) compared to the bottom ( ≈ 0.24 meV). In 
other words, areas closer to the substrate feature lower  
values and higher  values than the surface of the 
protruding “boomerang”. The dependence of the energy 
gap  on the spectral smearing  (from Fig. 5b, c) is shown 
with black symbols in Fig. 5d. The red dashed line is a 
linear fit to emphasize the linear suppression of  with 
increasing  indicating that the mechanism responsible 
for the suppression of superconductivity is a pair breaking 
at the interface.   
The effect of surface corrugation on MoC/Al2O3 
samples on the tunneling spectra have been addressed in 
our previous paper [5], where we found a correlation 
between the size of the superconducting gap and the local 
thickness of the sample. As can be seen in Fig. 3 the 
distribution of the gap and the smearing parameter in both 
types of samples is very similar. On the other hand, the 
modes differ substantially. This indicates that rather than 
the local inhomogeneities, the modes are driving the global 
superconducting properties. 
 
IV. DISCUSSION 
A thickness dependence of the superconducting 
characteristics has been observed in MoC samples 
sputtered onto sapphire substrates, published in our 
previous paper [5]. There, we have shown that the 
reduction of the MoC thin film thickness from 30 nm to 3 
nm leads to a concurrent decrease of both  and Tc 
(maintaining a constant ratio of 2/kBTc) and an increase 
of . However, in that case the change in superconducting 
parameters was accompanied by the change of the sheet 
resistance. According to the standard theory [22-24] the 
effect of reduction of Tc upon increased disorder with 
decreased thickness of the films is a result of a 
renormalization of the Coulomb interaction. In accordance 
with the Finkelstein's model [24] obtained by the 
renormalization group analysis, the suppression of Tc is 
directly governed by increasing sheet resistance Rs. 
Indeed, the Tc(Rs) dependence of a series of MoC films 
with different thickness could be perfectly fitted by the 
Finkelstein’s formula [25]. However, this mechanism is 
apparently not the only one operative in the case of our 3 
nm films prepared on Si and Al2O3 substrates featuring 
exactly equal sheet resistance but different Tc.  
Our samples deposited on different substrates differ 
in Tc,  and . Namely, the MoC/Al2O3 sample with lower 
Δ and Tc features a higher Γ, while in the case of MoC/Si 
higher Δ and Tc are accompanied by lower broadening 
parameter Γ.  A particular interface comes as a natural 
source of specific pair breaking leading to different 
superconducting characteristics while the normal 
properties determined by the scalar disorder inside the 
films stay the same. Remarkably, in the previous paper [5] 
a finite  parameter appeared on the films with thickness 
lower than the superconducting coherence length (10, 5 
and 3 nm thickness). On the contrary, the tunneling 
spectrum of the 30 nm MoC film features a hard gap with 
vanishing broadening parameter  in a perfect agreement 
with the BCS prescription.  Since the tunneling 
spectroscopy is sensitive to the sample area of the order of 
the coherence length, processes at the interface should be 
reflected in the STS characteristics of sufficiently thin 
films. 
The differences in the spectral smearing and the level 
of in-gap states between the samples can be naturally 
explained within the Herman & Hlubina model. Here, the 
Dynes formula describes superconductors with a specific 
distribution of local pair-breaking fields and arbitrary 
potential disorder. In this model the energy gap is reduced 
with increasing pair breaking effect (quantified by ). The 
question remaining to be answered is the source of pair-
breaking fields responsible for  parameter at a particular 
interface. Interdiffusion of oxygen atoms at the substrate-
thin film interface can form uncompensated electron 
orbitals [26]. Notably, a possible source of local 
magnetism is the presence of structural surface defects on 
the insulating oxide substrates with unpaired spins. The 
native spin polarized defects localized in the place of 
oxygen or cation vacancies are even capable of inducing 
ferromagnetism [27-30]. The intrinsic magnetism on 
silicon surface step edges is discussed in [27]. Recent 
studies on inorganic nanoparticles have shown room-
temperature ferromagnetism to be a universal 
characteristic of these nanomaterials, such a typical 
material exhibiting ferromagnetism also being Al2O3 [29]. 
It is noteworthy that Proslier et al. [26] also suggested to 
interpret their broadened tunneling spectra of Nb in terms 
of magnetic scattering on accidental sub-stoichiometric 
Nb2O5 oxides producing unscreened d-band magnetic 
moments.  
 The reduction of the gap  with increasing spectral 
smearing  shown in Fig. 5d is a very strong evidence of 
the pair breaking origin of the suppression of 
superconductivity [3,4,13]. The Hermann & Hlubina 
model can describe this suppression only qualitatively. 
The model is taking into account only the local pair 
breaking effects.  However, the influence of locally 
varying disorder defined with the Finkelstein’s theory is 
not considered. This might be the reason why our () 
values are below the theoretical curve for Dynes 
superconductors, shown in Fig. 7 of Ref. [13]. Further 
studies are necessary. Accordingly, the thickness 
dependence of local  and  shown in Fig. 5 can be 
explained by a varying proximity to the pair-breaking 
fields at the interface. Such a model also corroborates the 
increase of the  parameter found in the MoC films upon 
decreasing thickness in our previous studies [5], while the 
increased disorder capable to explain the reduction of Tc 
and  provides no explanation for the appearance of finite 
.  
Accordingly, we attribute different superconducting 
characteristics of the films to different pair-breaking 
effects of two interfaces. We emphasize that both samples 
were prepared simultaneously and sputtering process was 
homogeneous, thus the possibility of different 
stoichiometry is out of consideration. Another important 
issue is that our MoC films belong to the class of 
homogeneously disordered systems rather than granular 
disordered films. As discussed in the review article of 
Gantmakher and Dolgopolov [22], increasing disorder in 
the former drives the transition temperature to the lower 
values while the transitions remain sharp and single-step 
due to transparent grain boundaries. This is the case of our 
MoC films as shown in Fig. 1 for 3-nm films and also in 
Ref. 7 for variety of thicknesses/disorder/sheet resistances. 
Overall, this behavior is clearly distinct from the case of 
granular superconductivity, where the grain boundaries 
form tunneling barriers and the sample becomes an array 
of Josephson junctions, which is manifested in strong 
variations of the local DOS and broadening of the resistive 
transitions with the onset of the transition not changing 
upon increased disorder. Hence, in our films the electronic 
properties are not governed by the morphology revealed in 
topography images.  
The first hints of a pair-breaking effect in MoC thin 
films deposited on Al2O3 substrate date back to the first 
transport data of Lee and Ketterson [17]. There, the 
disorder induced superconductor-insulator transition was 
observed near Rs  ≈ 3 k far below the quantum resistance 
RQ, suggesting, that the localization of quasiparticles 
leading to a renormalization of Coulomb interaction is not 
the only cause of the suppression of superconductivity. 
The analysis of our transport data [5,31] leads to a similar 
conclusion that superconductivity in MoC/Al2O3 films is 
suppressed at about 2.5 k.  
Our complex conductivity data [12] measured in 
MoC coplanar waveguide resonators also point to the 
existence of finite lifetime effects in superconducting MoC 
thin films. MoN terahertz measurements [11] show that 
beside the thermally activated quasiparticles another 
dissipative channel is present. All this points to the fact that 
the Dynes-superconductors effect is quite often found in a 
strongly disordered ultrathin films. Further experimental 
and theoretical investigations are required to clarify the 
mechanism introducing particular magnetic pair breakers 
at different film-substrate interfaces. 
 
V. CONCLUSIONS 
In summary, transport and low temperature STM and 
STS measurements were performed on 3 nm thin MoC 
films deposited simultaneously on silicon (MoC/Si) and 
sapphire (MoC/Al2O3) substrates. Our samples, which 
differ only in the substrate material, reveal different values 
of the superconducting transition temperature at 
unchanged value of the sheet resistance. STS spectroscopy 
measurements allowed local studies of the 
superconducting quasiparticle spectra. On both types of 
samples if taken on flat surfaces these spectra are spatially 
homogeneous but significantly broadened in comparison 
with the BCS DOS. Resulting gapless DOS with non-
thermal quasi-particles at the Fermi level can be described 
by the Dynes version of the BCS formula, pointing to the 
existence of local pair-breaking fields in agreement with 
the model of Herman & Hlubina. We have shown, that 
locally thinner parts of the films feature narrower 
superconducting gap and larger smearing parameter  
MoC/Al2O3 sample with lower transition temperature Tc 
and superconducting gap   features larger broadening 
parameter   than MoC/Si. Since the two samples differ 
only by the substrate, the source of the pair breaking must 
be close to the interface. Uncompensated electron orbitals 
at the substrate/thin-film interface can lead to local 
magnetic moments and cause pair breaking. Recent studies 
on Al2O3 proved that even ferromagnetism can be induced 
in this way indicating that our MoC/Al2O3 interface is a 
strong pair breaker, stronger than Si substrate. Similar 
pair-breaking effect at the interface might also be operative 
in many other disordered thin superconducting films 
showing strong dissipation deep in the superconducting 
state.  
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 FIG. 1. Temperature dependence of sheet resistance Rs of 3nm MoC films sputtered on silicon 
(black line) and sapphire (gray line). The inset shows Rs(T) near Tc. 
 
 
 
 
 
 
FIG. 2. STM topography of 200 nm x 200 nm surfaces of 3nm MoC films sputtered on sapphire 
(MoC/Al2O3) a) and silicon substrates (MoC/Si) b). The color scale in the middle represents 
surface corrugation (the insets are not to scale). The insets: upper - 3 nm x 3 nm images of the 
atomic lattice, bottom - the corresponding Fourrier transforms. The Fourier patterns show a = a0√2 
= 0.6 nm positions for both lattices, responsible for the 111 plane of a B1 lattice with a lattice 
constant a0 = 0.42 nm. 
 
 
  
FIG. 3. Statistical distribution of a) the superconducting energy gap  and b) spectral smearing 
parameter Γ obtained from the Dynes fit of 128x128 tunneling spectra measured in a 100x100nm2 
area of MoC/Al2O3 (open triangle symbols) and MoC/Si (black circles) thin films at T = 450 mK. 
 
 
 
 
 
 
FIG. 4. Typical tunneling spectra of 3 nm thin MoC films measured at T = 450 mK. The symbols 
are the Dynes fits (MoC/Si – open circles, MoC/Al2O3 – open triangles). Inset: temperature 
dependencies of the energy gap of MoC/Si (open circles) and MoC/Al2O3 (open triangles) 
determined from fitting to the Dynes model. Solid lines show predictions of the BCS theory. 
 
 
  
FIG. 5.  STM topography of a 40 nm x 50 nm surface of MoC/Si thin film – color scale in nm a). 
Gap-map b) and gamma-map c) of the same area determined from the Dynes formula fits of 
tunneling spectra measured in a grid of 128x128 points at T = 450 mK.  d)  Energy gap  as a 
function of spectral smearing  constructed from data in b) and c). 
 
